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Marfan's syndrome is an inherited connective tissue disorder chiefly affecting the eyes, skeleton, and cardiovascular system." '3 Recent genetic and immunohistochemical findings suggest that the defect is in fibrillin, a microfibrillar protein abundant in the tissues affected in Marfan's syndrome. 4 The cardiovascular abnormalities include mitral valve prolapse; mitral regurgitation; aortic regurgitation; and aortic dilatation, dissection, and rupture. [1] [2] [3] Complications involving the thoracic aorta are the main cause of death in patients with Marfan's syndrome.5 Angiography,6 echocardiography,23 and magnetic resonance imaging,7 have all been used to measure aortic size in patients with Marfan's syndrome.
Non-invasive techniques can measure the distensibility and stiffness of the aortic wall8 9 ; echocardiography has been used to measure the abnormal elastic properties of the aorta in patients with Marfan's syndrome'0 and magnetic resonance imaging has been used to measure aortic distensibility in children with Marfan's syndrome." The aim of this study was to use magnetic resonance imaging to measure aortic distensibility and stiffness index in adults with Marfan's syndrome and compare the results with those obtained by echocardiography.
Patients and methods
We studied 12 patients (eight men and four women) (aged , mean 34-1) who fulfilled the strict diagnostic criteria for Marfan's syndrome.'2 All medication which could interfere with measurements was stopped for at least five half lives and patients with a history of aortic dissection or surgery were excluded. Twelve age matched subjects (range 19 to 56 years; mean 36-5 years), six men and six women, with no history of heart disease formed the control group. There was no significant difference in age or body surface area between the two groups. The protocol had been approved by the local ethics committee.
We used a Siemens 0-95T Impact magnetic resonance scanner to obtain oblique transverse images transecting the aortic arch as described by Mohiaddin et al."3 We identified the ascending and descending aorta by obtaining a multislice transverse image set, and then selected the image best depicting the complete aortic arch using a multislice oblique sagittal set. Thus a single slice spin echo (TE = 25 ms) image could be positioned perpendicular to the ascending and descending aorta at the level of the pulmonary artery. Images were electrocardiogram gated such that end diastolic images were acquired 100 ms before the average RR interval and end systolic images at the end of the T wave. An Odam Bruker Maglife automatic monitor measured blood pressure at the brachial artery while the patient was in the scanner. Systolic and diastolic blood pressure were measured directly before their respective images were acquired. The aortic lumen was outlined manually on the computer screen on two supine. The average of three measurements was taken. A Bard automatic blood pressure monitor measured blood pressure at the brachial artery immediately before and after the measurements were made. Pulse pressure was calculated as the difference between systolic and diastolic blood pressure. Aortic distensibility was calculated by the following formula: distensibility = 2 (aortic luminal area change)/ (diastolic luminal area x pulse pressure).8 For echocardiographic measurements we used the aortic diameter rather than the aortic area. The pressure-independent aortic stiffness index was calculated using: stiffness = In (systolic/diastolic blood pressure)/(aortic diameter change/aortic diastolic diameter).9 Diameters derived from the magnetic resonance imaging area measurements assumed that the aorta is circular.
STATISTICS
Intra observer and inter observer reproducibility were calculated as the standard deviation of the differences between measurements expressed as percentage of the mean of the measurements. An unpaired Student's t test was used for normal distributions and non parametric testing was performed using a Wilcoxon rank sum test.
Results
MAGNETIC RESONANCE IMAGING Figure 1 shows systolic and diastolic images for a 32 year old male control. Patients with Marfan's syndrome had significantly greater ascending and descending aortic areas than the control group (P < 001). When diastolic areas were corrected for body surface area this difference persisted (P < 002 ascending aorta and P < 005 descending aorta) (table). The aortic stiffness index in the ascending and descending aorta was significantly greater in patients with Marfan's syndrome (table). At both sites distensibility was reduced and stiffness index increased with increasing age of controls and patients with Marfan's syndrome. With increasing aortic area there was a trend towards low distensibility and high stiffness indices. This was not, however, the case for all patients (fig 2) . Intra observer reproducibility ranged from 2 1% for the ascending aorta in diastole to 3-8% for the descending aorta in diastole. Similarly interobserver reproducibility ranged from 4 0% in the ascending aorta in systole to 5-2% in the descending aorta in systole. Reproducibility was lower for the descending aorta and diastolic images. The mean percentage change of aortic area was 16% in the ascending aorta and 8% in the descending aorta. Intra and inter observer reproducibilities were within acceptable limits.
COMPARISON WITH ECHOCARDIOGRAPHY Figure 3 shows the relation between systolic aortic diameter measured by echocardiography and distensibility and stiffness index for patients with Marfan's syndrome. To enable ._- To compare distensibility measured by magnetic resonance imaging and echocardiography it is necessary to convert area measurements to diameters or vice versa. Because the conversion assumes that the aorta is circular it is a possible source of error. Although there was no overall significant difference in aortic distensibility or stiffness index when measured by echocardiogram or magnetic resonance imaging, there was a large difference in some individual patients in some cases (fig 4) . In two cases this may be because it was difficult to obtain satisfactory echocardiogram images. Anatomical and technical factors prevent imaging of the descending thoracic aorta by echocardiography, but it is possible to obtain echocardiographic images of the aortic arch and the abdominal aorta. Although it is possible to measure the area of the aortic arch by magnetic resonance imaging this would require further images thereby increasing the time in the scanner. In this study we compared echocardiographic measurements from the aortic arch with magnetic resonance imaging measurements from the descending thoracic aorta. There was no statistical difference in these two measurements in patients with Marfan's syndrome.
Although Figures 2 and 3 show that some patients with relatively small aortic diameters or areas have very low distensibilities and high stiffness indices in the ascending aorta. The abnormal microfibrillar fibres present in Marfan's syndrome are found in the aortic tunica media4 and histopathological examination shows disruption of collagen fibres and cystic medial necrosis.20 21 Schlatmann et al20 showed that in patients with Marfan's syndrome the intrinsically weakened wall of the aorta is easily injured and therefore predisposed to dissection. Thus measurements of aortic distensibility and stiffness index may be useful to detect aortic involvement before the aorta becomes significantly dilated. At present, however, no data are available to assess the usefulness of aortic distensibility or stiffness index as a predictor of aortic rupture or dissection in patients with Marfan's syndrome. Further work is needed to establish the place of such measurements in the management of Marfan's syndrome.
If serial measurements of aortic size or elastic properties are to be made it is important to use the same aortic site on each occasion. The use of the bifurcation of the pulmonary artery to align magnetic resonance imaging images ensures that measurements can be made at the same level on each occasion. Careful positioning of magnetic resonance imaging images also ensures that measurements are made perpendicular to the lumen of the aorta. Anatomical landmarks can also be used to ensure that echocardiographical measurements are repeated at the same site, although this can be difficult owing to the quality of echocardiogram images and the often limited field of view. In this study most technical difficulties were experienced in obtaining echocardiogram images, in particular images 3 cm above the aortic valve. Chest wall deformities are common in Marfan's syndrome and this may compound the problems of obtaining accurate echocardiogram measurements. In Marfan's syndrome the ascending aorta is normally the first area to become dilated, but the aortic arch and descending aorta may also be affected. As a preliminary to obtaining the magnetic resonance imaging images of the aorta, from which area measurements are made, it is necessary to acquire a multislice oblique sagittal set. At least one of these images normally depicts the complete thoracic aorta and thus provides an opportunity to assess the extent of aortic involvement.
In this study claustrophobia prevented a few patients from having a magnetic resonance imaging scan. Of those who had both scans performed 5 
